Best TK, Marson L, Thor KB, Burgard EC. Synaptic activation of bulbospongiosus motoneurons via dorsal gray commissural inputs. J Neurophysiol 109: 58 -67, 2013. First published October 17, 2012 doi:10.1152/jn.00752.2012.-Ejaculation is controlled by coordinated and rhythmic contractions of bulbospongiosus (BSM) and ischiocavernosus muscles. Motoneurons that innervate and control BSM contractions are located in the dorsomedial portion of the ventral horn in the L 5-6 spinal cord termed the dorsomedial (DM) nucleus. We characterized intrinsic properties of DM motoneurons as well as synaptic inputs from the dorsal gray commissure (DGC). Electrical stimulation of DGC fibers elicited fast inhibitory and excitatory responses. In the presence of glutamate receptor antagonists, both fast GABAergic as well as glycinergic inhibitory postsynaptic potentials (IPSPs) were recorded. No slow GABA B -mediated inhibition was evident. In the presence of GABA A and glycine receptor antagonists, DGC stimulation elicited fast glutamatergic excitatory responses that were blocked by application of CNQX. Importantly, a slow depolarization (timescale of seconds) was routinely observed that sufficiently depolarized the DM motoneurons to fire "bursts" of action potentials. This slow depolarization was elicited by a range of stimulus train frequencies and was insensitive to glutamate receptor antagonists (CNQX and D-APV). The slow depolarization was accompanied by an increase in membrane resistance with an extrapolated reversal potential near the K ϩ Nernst potential. It was mediated by the combination of the block of a depolarization-activated K ϩ current and the activation of a QX-314-sensitive cation current. These results demonstrate that fast synaptic responses in DM motoneurons are mediated primarily by glutamate, GABA, and glycine receptors. In addition, slow nonglutamatergic excitatory postsynaptic potentials (EPSPs), generated through DGC stimulation, can elicit burstlike responses in these neurons. motoneuron; bulbospongiosus muscle; synapse; dorsal gray commissure; slow depolarization EJACULATION is the discharge of semen by male reproductive organs and consists of an emission and an expulsion phase.
increase in membrane resistance with an extrapolated reversal potential near the K ϩ Nernst potential. It was mediated by the combination of the block of a depolarization-activated K ϩ current and the activation of a QX-314-sensitive cation current. These results demonstrate that fast synaptic responses in DM motoneurons are mediated primarily by glutamate, GABA, and glycine receptors. In addition, slow nonglutamatergic excitatory postsynaptic potentials (EPSPs), generated through DGC stimulation, can elicit burstlike responses in these neurons. motoneuron; bulbospongiosus muscle; synapse; dorsal gray commissure; slow depolarization EJACULATION is the discharge of semen by male reproductive organs and consists of an emission and an expulsion phase. Emission consists of the delivery of semen to the urethral meatus through contractions of seminal vesicles, prostate, vas deferens, and other sexual accessory organs. Expulsion consists of the powerful ejection of semen from the urethra by coordinated and rhythmic contractions of bulbospongiosus, ischiocavernosus, and urethralis muscles, with the bulbospongiosus muscles (BSM), which surround the urethral bulb, as the most forceful component of expulsion (Carro-Juarez and Rodriguez-Manzo 2008; Coolen et al. 2004; Gerstenberg et al. 1990 ). The rhythmic contraction of these muscles suggests that motoneurons innervating them may fire rhythmic bursts of action potentials, presumably controlled by neuronal circuitry associated with a spinal pattern generator (SPG), similar to other rhythmic motor groups controlling respiration, mastication, or locomotion. Central to understanding how SPGs initiate a rhythmic output is determination of the dynamic interaction between connections and the intrinsic membrane properties of the component neurons that may account for the timing and the rhythmicity of the output (Marder and Rehm 2005) .
Retrograde labeling studies of motoneurons innervating the rat BSM indicate that they are primarily found in the ventromedial portion of the lumbar (L) 5/6 spinal cord termed the dorsomedial (DM) nucleus [also known as the spinal nucleus of bulbocavernosus (SNB)]. Because of the close proximity of ischiocavernosus muscles, additional retrograde labeling is also commonly found in the dorsolateral (DL) nuclei at similar spinal levels corresponding to motoneurons innervating those muscles as well (Marson and McKenna 1996; Peshori et al. 1995; Tang et al. 1999; Xu et al. 2005) .These two rat spinal nuclei and other motoneurons innervating ejaculatory and perineal muscles correspond to the sexually dimorphic Onuf's nucleus in humans and primates (Thor and de Groat 2010) . Previous studies of BSM motoneurons showed that these neurons have unique intrinsic membrane properties that distinguish them from skeletal muscle motoneurons (Manabe et al. 1991; Ogier et al. 2006 Ogier et al. , 2008 .
Primary afferent fibers that trigger ejaculation are carried in the pudendal nerve and terminate in the medial dorsal horn and the dorsal gray commissure (DGC) at the same spinal segments that contain the BSM motoneurons (McKenna and Nadelhaft 1986; Thor and de Groat 2010) . Additionally, pseudorabies virus or wheat germ agglutinin injected into the BSM retrogradely and transsynaptically labels DGC interneurons in a manner suggesting they provide a major afferent input onto BSM motoneurons (Collins et al. 1991; Marson and McKenna 1996; Tang et al. 1999; Xu et al. 2005) . Characterization of inputs to BSM motoneurons from DGC neurons, and how they modulate BSM firing, is essential to understanding the cellular/ molecular mechanisms of ejaculation.
In this study we evaluated the intrinsic membrane characteristics of the output neurons of the ejaculatory SPG, the motoneurons innervating the BSM. We also examined the influence that the DGC, an important segmental spinal input, has on BSM motoneurons.
METHODS

Animals.
Male Sprague-Dawley rat pups (Charles River Laboratories) aged postnatal days (P)7-14 were used. All experiments were conducted in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals and approved by the Urogenix Institutional Animal Care and Use Committee (IACUC).
Motoneuron labeling. 1,1=-Dilinoleyl-3,3,3=,3=-tetramethylindocarbocyanine perchlorate (FAST DiI, 20 g/l; Invitrogen) was dissolved in DMSO and injected into the scrotum of P4 rats anesthetized under isoflurane. A 32-gauge needle was inserted just caudal to the penis and advanced 3-5 mm into the scrotum, and ϳ0.2 l of FAST DiI solution was slowly injected bilaterally into the approximate location of each BSM. In some cases the localization of dye injection sites was examined after spinal cord slicing. No apparent spread to other pelvic regions was evident. Dye transport times through the pudendal nerve of 2-6 days were sufficient for retrograde labeling of DM motoneurons as well as other motoneurons innervating the pelvic floor.
Slice preparation. P7-12 rats were anesthetized with 1.5-2.5 mg/g urethane (0.6 g/ml solution; Acros) injected intraperitoneally, and depth of anesthesia was monitored by lack of a hindlimb withdrawal reflex in response to hindlimb toe pinch. The caudal half of the spinal column was removed and immediately transferred to ice-cold (slush) dissection buffer (preoxygenated with 95% O 2 and 5% CO 2 ) containing (in mM) 75 sucrose, 80 NaCl, 2.5 KCl, 1.25 NaH 2 PO 4 , 25 NaHCO 3 , 20 glucose, and 7 MgCl 2 . The lumbosacral spinal cord was dissected free, inserted into an agar support cone, and glued to a stage of a vibratome (VT1000S; Leica) with the rostral edge facing down. The spinal cord was cut transversely at ϳ300-m thickness starting from the caudal end, with serial sections collected throughout the lumbar and sacral segments. Typically ϳ10 slices were prepared. After slices were made they were transferred to a warmed (ϳ36°C) incubation chamber with bubbled artificial cerebrospinal fluid (ACSF) consisting of (in mM) 125 NaCl, 2.5 KCl, 25 NaHCO 3 , 1.25 NaH 2 PO 4 , 1 MgCl 2 , 2 CaCl 2 , and 25 glucose for 15 min. The incubation chamber was then removed and allowed to recover to room temperature (ϳ22°C), where slices were maintained for at least 60 min until being placed in the recording chamber. Slices corresponding to L 5-6 regions were easily identified because of their characteristic size and the outline of the spinal gray matter. In those slices, presence of the DM nucleus was confirmed by observing clusters of DiIpositive neurons in the medial aspect of the ventral horn with fluorescence illumination and a rhodamine filter set.
Whole cell recording. Slices were placed in a submersion chamber mounted on the stage of an upright microscope (Nikon Eclipse FN1) and perfused with oxygenated ACSF at a flow rate of 1-2 ml/min. DiI-positive neurons were visualized with near infrared-differential interference contrast (IR-DIC) optics and fluorescence illuminator/ filters. Patch pipettes were pulled from thick-walled borosilicate glass (Sutter Instruments) with a micropipette puller (Zeitz-DMZ, Martinsried, Germany). Open tip resistances were 4 -6 M⍀ when pipettes were filled with intracellular solution containing the following (in mM): 135 K-gluconate, 7.5 KCl, 10 HEPES, 2 Mg-ATP, 0.3 Na-GTP, and 10 Na-phosphocreatine with 0.5% biocytin, with pH adjusted to 7.3 and osmolarity adjusted to 285-290 mosM. Where indicated, Cs-gluconate replaced K-gluconate in the intracellular solution and KCl was reduced to a concentration equimolar to extracellular ACSF (2.5 mM). In some instances, 10 mM QX-314 chloride was also added to the intracellular solution. In these recordings the chloride reversal potential depolarized from Ϫ73 mV to Ϫ51 mV because of the addition of 10 mM intracellular chloride. These cells were held to near Ϫ40 mV to produce hyperpolarizing fast inhibitory postsynaptic potentials (IPSPs) so as to not mask the slow excitatory postsynaptic potential (EPSP). All recordings were performed in the whole cell configuration. Resting membrane potential (RMP) was measured immediately after the whole cell recording was established. Input resistance (R m ) was measured as the steady-state voltage response to a hyperpolarizing current injection from RMP. Pipette capacitance and bridge balance were monitored throughout current-clamp recordings.
Stimulus and analysis. To evoke synaptic responses, platinum bipolar stimulating electrodes (FHC, Bowdoin, ME) were placed along the midline of the DGC just dorsal to the central canal (CC).
Stimuli of 1-ms duration and variable intensities were delivered with a stimulus isolation unit (World Precision Instruments, Sarasota, FL) controlled by pCLAMP 10.2 software (Molecular Devices, Sunnyvale, CA). Stimulus intensities ranged from 5 to 400 A. Stimulus protocols generally included a single stimulus followed by trains of stimuli 500 ms later. Recordings were performed in the whole cell configuration with a Multiclamp 700A patch-clamp amplifier and pCLAMP software. Responses were acquired with a sampling rate of 20 kHz and filtered off-line at 3 kHz, and sweeps were averaged and analyzed for indicated parameters. For analysis of slow EPSPs that generated action potentials, an additional active depolarization that initiated action potential firing was often superimposed on the slow EPSP. To avoid including this additional depolarization in the measurement, the peak amplitude of the slow EPSP was estimated by fitting a multivariable exponential function to the response and measuring the amplitude from the peak of the function to the baseline voltage prior to stimulation. The threshold for the slow EPSP-evoked action potentials was not significantly different from the intracellular current injection-evoked threshold reported (n ϭ 26). Since the slow EPSP was partially masked by the fast EPSPs (see Fig. 2C ), the majority of analyses and experiments were performed with fast EPSPs blocked by CNQX (30 M) and D-APV (50 M). All reported values were corrected for junction potentials (K-gluconate ϭ 14 mV; Csgluconate ϭ 14.1 mV). All test compounds were applied by bath perfusion.
Postrecording neuronal staining. Dialysis of biocytin into the recorded neuron from the recording pipette was utilized to visualize the recorded cells. After recording, slices were fixed in 4% paraformaldehyde for Ͼ1 day and then transferred to 20% sucrose for storage until processing. To process, slices were rinsed with PBS (endogenous peroxidase was quenched with 0.3% hydrogen peroxide and methanol), permeabilized with 0.4% Triton X-100, and incubated with an avidin DH and biotinylated enzyme complex (Vectastain ABC Elite; Vector Labs, Burlingame, CA) for 2 h at room temperature on a rotator. Cells were visualized with a diaminobenzidine (DAB) precipitate product, and slices were mounted on glass slides in Vectashield mounting medium (Vector Labs). Quantification of labeled neurons was not performed, but reconstruction was used for qualitative purposes and verification of DM locale.
Compounds. All compounds were acquired from Tocris Bioscience (Minneapolis, MN) and/or Sigma Aldrich (St. Louis, MO).
Statistics. Data are expressed as means Ϯ SE. Student's t-test, ANOVA, and repeated-measures (RM) ANOVA followed by post hoc tests were used to test for statistical significance, which was set at P Ͻ 0.05.
RESULTS
Whole cell patch-clamp recordings were obtained from DM motoneurons. Figure 1A shows the placement of the stimulating electrode in the DGC and the recording electrode in the DM. DM motoneurons were identified as DiI-positive neurons with soma diameters of 25-30 m.
Postrecording reconstruction of the recorded DM motoneurons showed extensive neurite arborization in the spinal cord slice. A majority of the biocytin-stained motoneurons had neurites (presumably dendrites) that projected dorsally from the DM nucleus past the CC and into the DGC. The neurites also projected bilaterally through the ventral horn toward the ipsilateral DL nucleus as well as the contralateral DM nucleus (Fig. 1B) . In some cases, neurites projected dorsolaterally to the mid-gray intermediate zone (lamina VII). In two instances the motoneuron axon could be traced into the ventral root (not shown).
Intrinsic membrane properties were measured from DiIlabeled DM motoneurons via whole cell recordings. The aver-age RMP was Ϫ71.7 Ϯ 0.2 mV (range Ϫ77 to Ϫ66 mV; n ϭ 65), and the average R m was 101.9 Ϯ 3.6 M⍀ (range 46.3 to 172.5 M⍀; n ϭ 74). The minimum step current necessary to reach action potential threshold (rheobase) averaged 186.5 Ϯ 9.9 pA (range 25 to 400 pA; n ϭ 74), and action potential threshold was Ϫ46.9 Ϯ 0.5 mV (range Ϫ55.7 to Ϫ38 mV; n ϭ 74) with a maximum firing frequency of ϳ23 Hz (Fig. 
1, C and D).
Electrical stimulation of the DGC dorsal to the CC produced typical fast EPSPs and IPSPs, as well as a slow EPSP in DM motoneurons. To isolate fast EPSPs, 10 M strychnine (a glycine receptor antagonist) and 4 M gabazine (SR95531, a GABA A receptor antagonist) were added to block fast inhibitory responses. A sampling of these pharmacologically isolated fast EPSPs revealed average amplitudes of 7.0 Ϯ 0.7 mV, half-widths measuring 43.6 Ϯ 3.1 ms, and decay times (90 -10%) of 89.2 Ϯ 7.7 ms (n ϭ 13). Fast EPSPs were blocked by 30 M CNQX, indicating they were mediated by AMPA/ kainate glutamatergic receptors ( Fig. 2A ; n ϭ 5).
IPSPs were isolated by the addition of 30 M CNQX and 100 M DL-APV to block fast excitatory responses. IPSPs were inhibited by gabazine by ϳ40% (amplitude decreased from Ϫ6.34 Ϯ 0.89 mV to Ϫ4.15 Ϯ 1.14 mV; n ϭ 5). Strychnine blocked the remaining IPSP amplitude (Fig. 2B ). These data suggest that the IPSPs generated in DM motoneurons from DGC stimulation are mediated through both GABAergic and glycinergic synaptic transmission with approximately equivalent contributions.
A slow EPSP could be evoked by trains of stimuli delivered to the DGC. As can be seen in Fig. 2 , C-E, a single stimulus could evoke a fast, but not a slow, EPSP, whereas the slow EPSP was evoked only after a train of stimuli. The slow EPSP could be evoked in the presence of glutamatergic (30 M CNQX, 50 M D-APV; n ϭ 74) antagonists. It could also be evoked when glutamatergic, GABAergic, and glycinergic (4 M gabazine, 10 M strychnine) antagonists were present in the ACSF (n ϭ 10), suggesting that fast synaptic neurotransmitters do not contribute to the slow EPSP. In the presence of glutamatergic antagonists, the time course of a sample of slow EPSPs evoked by 20-or 50-Hz stimulation was evaluated (n ϭ 22). Of these sampled slow EPSPs, amplitudes ranged from 6 to 10 mV (average 7.3 Ϯ 0.3 mV), time to peak averaged 4.0 Ϯ 0.2 s, and the 20 -80% decay time was 12.3 Ϯ 0.6 s.
With sufficient stimulus intensity, the slow EPSP often led to action potential firing and generated bursts of action potentials (Fig. 3, A and C) . We noted that in instances where the slow EPSP led to firing, there appeared to be an additional active depolarization. This was evident when fitting a multivariable exponential function to the slow EPSP, and the resultant amplitude was not sufficient to reach action potential threshold. To generate a stimulus response profile for the slow EPSP, the stimulus intensity (A) of a 50-Hz stimulus train was incrementally increased until the slow EPSP produced action potential firing. As can be seen in Fig. 3A , a slow EPSP depolarization of ϳ10 mV was sufficient to activate an additional active depolarization that drove action potential firing. A normalized stimulus-response relationship (Fig. 3B) was plotted to compare the membrane depolarization evoked by increasing stimulation intensity at 50 Hz. The stimulus-response relationship was found to be linear, with r 2 ϭ 0.96 and slope significantly different from zero (P Ͻ 0.0001).
The amplitude of the slow EPSP depended on stimulus frequency. Figure 3C shows an example of slow EPSPs generated by an equal number of stimulus pulses delivered at different frequencies. Trains of 25 stimuli delivered at 5, 10, 20, and 50 Hz showed significant facilitation of the slow EPSPs as stimulus frequency was increased ( Fig. 3D ; RM ANOVA, P Ͻ 0.0001), reaching a plateau at 20 Hz. Similarly, maintaining a constant stimulus duration at 500 ms while increasing the stimulus frequency also produced a significant increase in slow EPSP amplitude (Fig. 3 , E and F; RM ANOVA plus Tukey's multiple comparison test, P Ͻ 0.0001). These results indicate that the frequency of DGC stimuli impacts the slow EPSP amplitude.
Possible mechanisms to generate slow EPSPs include an opening of sodium-or calcium-permeable channels or the closure of potassium-or chloride-permeable channels. Opening of sodium or calcium channels would produce a decrease in R m , while closure of potassium or chloride channels would produce an increase in R m . An increase in R m during the evoked slow EPSPs was observed (Fig. 4) . R m changes were measured by delivering a hyperpolarizing current step (100 pA) during the peak of the slow EPSP (Fig. 4A) . To control for activation of intrinsic voltage-dependent membrane conductances, the change in R m was compared with that measured in response to manual depolarizing current injections that spanned the slow EPSP voltage range in the same neuron (Fig.  4B) . Although an increase in R m was observed after manual depolarization, the slow EPSP-associated increase in R m was significantly greater than that induced by current injection in each neuron (Fig. 4 , C and D; n ϭ 4). Many of the injected current R m values were less than those from the smallest slow EPSP, indicating that even minimal stimulation can produce an increase in R m , even if the depolarization is small. Thus even minimal input from the DGC may increase R m and dramatically increase the ability of inputs to excite or inhibit DM motoneurons (Heckman et al. 2009 ).
To determine whether the slow EPSP and associated increase in R m were mediated by closure of potassium or chloride conductances, the reversal potential of the slow depolarizing current was measured under voltage-clamp conditions. Membrane potential was held at voltages spanning the Nernst potentials for both potassium and chloride ions, which calculated under our recording conditions were Ϫ102.8 mV and Ϫ73.2 mV, respectively. Synaptic stimulation at 50 Hz produced a slow inward current similar in time course to the slow EPSP (Fig. 5A) . When measured at different membrane potentials the inward current amplitudes decreased with hyperpolarization, yet complete reversal of the currents was not evident (Fig. 5B) . The linear portion (holding potentials of Ϫ95, Ϫ75, Ϫ55, and Ϫ35 mV) of the current-voltage response was fit with a linear function, and the extrapolated reversal potential was Ϫ106 mV (n ϭ 12 cells), which closely approximates the calculated potassium reversal potential. That the slow depolarizing current did not reverse at potentials more negative than the potassium Nernst potential may indicate that DGC stimulation results in the closure of a depolarization-activated K ϩ current such as the M current (Adams and Brown 1982) .
To further characterize the ionic mechanism underlying the slow EPSP, a Cs-gluconate based intracellular solution was used to block potassium-mediated responses. With Cs-gluconate the average resting potential was Ϫ68 Ϯ 1.2 mV (n ϭ 4), which is within the reported range of those motoneurons recorded with K-gluconate. In motoneuron recordings using Cs-gluconate, the slow EPSP was still present, although at a smaller amplitude than in K-gluconate recordings (Fig. 6, A  and B ; n ϭ 4). This suggests that both Cs-sensitive and -insensitive mechanisms are involved in generation of the slow EPSP. Changes in R m were then studied during the peak of the residual slow EPSP in recordings using Cs-gluconate. In these recordings, no change in R m was seen during the slow EPSP. To identify the conductance underlying this residual slow EPSP, the sodium channel blocker QX-314 (10 mM) was added to the intracellular solution (Isaac and Wheal 1993) . Addition of QX-314 to the intracellular Cs-gluconate recording solution resulted in a complete block of slow EPSPs ( Fig. 6C;  n ϭ 3) . In separate experiments, QX-314 was added to the K-gluconate intracellular solution. Slow EPSPs were still evoked in these neurons (n ϭ 3), although the amplitudes appeared smaller than those recorded without QX-314 (Fig.  6D) . Thus there is more than one ionic mechanism responsible for slow EPSP generation.
Given our Cs-gluconate results and the lack of synaptic current reversal past the potassium Nernst potential, the closure of a depolarization-activated potassium channel appeared to be involved in slow EPSP generation. Synaptic inhibition of KCNQ channels [M current (I m ) inhibition] has also been shown to produce slow neuronal depolarization (Brown and Selyanko 1985; Wang et al. 1998 ). To test whether KCNQ channels were involved in the slow EPSP, XE991, a selective heteromeric KCNQ2/3 and homomeric KCNQ1 channel blocker, was used (Fig. 7) . Preapplication of XE991 (10 M) significantly reduced the slow EPSP amplitude at both 20-and 50-Hz stimulus trains by 3.5 Ϯ 1.3 mV (53%) and 4.6 Ϯ 1.5 mV (43%), respectively (Bonferroni posttest 20 Hz P Ͻ 0.05, 50 Hz P Ͻ 0.01). It should be noted that XE991 also depolarized the motoneurons by ϳ6 mV (with an average change in holding current of Ϫ60 pA). These results suggest that XE991, like Cs-gluconate, can block a significant component of the slow EPSP, and they imply that KCNQ channels are involved in slow EPSP generation.
DISCUSSION
The present study characterized the intrinsic properties of DM motoneurons that innervate the BSM and the pharmacological properties of synaptic inputs from the DGC. Stimulation of the DGC elicited fast (millisecond timescale) inhibitory responses mediated by both glycine and GABA A receptors. No slow GABA B -mediated inhibition was evident. DGC stimulation also elicited fast glutamatergic excitatory responses as well as a slow EPSP (timescale of seconds). We found that the slow EPSP was in part mediated by the inhibition of a potassium conductance. There was also a residual cesium-insensitive conductance that was sensitive to intracellular QX-314, indicating a Na ϩ current. The KCNQ channel blocker XE991 partially reduced the amplitude of the slow EPSP, suggesting that I m is the potassium channel being affected in generating the slow EPSP.
A comparison of the DM motoneuron intrinsic properties to those previously reported from lower lumbar motoneurons revealed some differences. The average cell R m values reported in the present study were similar to those previously published for DM motoneurons (Ogier et al. 2006) . However, the previous report did not discriminate between DM neurons that innervated the BSM or the external anal sphincter. The RMP . E: series of slow EPSPs recorded from a single neuron. A 500-ms stimulus train was delivered to the DGC at increasing frequencies as shown. F: summary histogram of the slow EPSP amplitude in response to a 500-ms stimulus train delivered at increasing frequencies (P Ͻ 0.0001 RM ANOVA; n ϭ 44). All comparisons between frequencies were significantly different from each other (**P Ͻ 0.01 Tukey's multiple comparison test). All recordings were obtained in the presence of CNQX and D-APV, and action potentials were truncated for clarity.
was similar to an earlier report of BSM motoneurons; however, the action potential threshold was hyperpolarized by ϳ16 mV in the present study (Manabe et al. 1991) . The discrepancy in threshold may be due to the younger age of rats (P3-6) used in the previous study or other recording differences. In comparison to our previous report (Yashiro et al. 2010) , the RMP, action potential threshold, and maximum firing rate of DM motoneurons appeared to be comparable to other L 5-6 lumbar motoneurons studied in female rats. Interestingly, the DM R m closely resembled that of motoneurons innervating skeletal muscle but was much lower than that of motoneurons innervating the urethral rhabdosphincter. Despite the low R m , the DM motoneuron rheobase was also low, similar to that of the urethral rhabdosphincter motoneurons (Yashiro et al. 2010) . This was unexpected, as a low R m usually accompanies a higher rheobase. To account for this, many motoneurons have B: I-V plot of the slow EPSC current amplitude from 12 neurons. The linear portion of the data was fit with a line that gives an expected reversal potential of Ϫ106 mV, similar to the calculated Nernst reversal potential for potassium (Ϫ103 mV). Note that complete reversal of the current was not achieved. All recordings were obtained in the presence of CNQX and APV. been reported to have a persistent Na ϩ current (I Nap ) that can boost a subthreshold depolarization to reach action potential threshold (Rekling et al. 2000) . This may account for not only the relatively low rheobase in the DM motoneurons but also the discrepancy between slow EPSP amplitude and action potential threshold as discussed in relation to Fig. 3 .
The neurite arborization of the biocytin-stained DM motoneurons suggests synaptic interactions with a number of cell groups. Visualized projections (presumably dendritic) to the DGC may receive glutamatergic, GABAergic, and glycinergic inputs and in turn generate the synaptic responses to stimuli delivered in that region. DGC stimulation evoked a fast EPSP that was entirely blocked by CNQX, indicating that AMPA and/or kainate receptors underlie the fast EPSP, with little or no evidence for an NMDA component. This is in contrast to other motoneuron glutamatergic inputs that include an NMDA component (Pinco and Lev-Tov 1994; Rekling et al. 2000) . DGC stimulation also evoked a fast IPSP that was blocked by gabazine plus strychnine. It is not surprising to see both GABAergic and glycinergic responses, as the combined GABAergic and glycinergic fast IPSP is typical for most motoneurons, although the extent of contribution from glycine versus GABA A receptor varies with motoneuron classification (Rekling et al. 2000) . In cats, sacral DGC neurons have been shown to inhibit external urethral motoneuron activity likely through both GABAergic and glycinergic neurotransmission (Blok et al. 1997 (Blok et al. , 1998 Shefchyk et al. 1998; Sie et al. 2001) .
Our results suggest that there may be two mechanisms underlying the slow EPSP. The first involves a closure of cesium-sensitive potassium channels that corresponds with an increase in membrane resistance (Fig. 4) and a subsequent depolarization. The second involves an opening of QX-314-sensitive cation channels that also results in depolarization but does not significantly contribute to membrane resistance. With Na ϩ (or other cations) there is a substantially large driving force at the membrane potentials being examined. This would permit a large membrane potential change but a small R m change in response to channel opening. This high driving force is a likely explanation for why no change in membrane resistance was observed in the presence of intracellular Cs-gluconate. Intracellular QX-314 primarily blocks sodium channels (Isaac and Wheal 1993; Mike and Lukacs 2010) . However, intracellular QX-314 has shown also been shown to also block hyperpolarization-activated current (I h ), calcium currents, and various potassium currents (Brau et al. 1995; Kilb and Luhmann 2000; Oda et al. 1992; Perkins and Wong 1995; Talbot and Sayer 1996) . Since QX-314 may be a nonselective cation channel blocker, it is difficult to determine the ionic mechanism of the cesium-insensitive EPSP from these results.
Trains of stimuli given to the DGC were necessary to elicit a slow EPSP in DM motoneurons. This slow EPSP was nonglutamatergic and typically lasted longer than 10 s. The amplitude and extent to which the slow EPSP could lead to action potential firing were dependent on the stimulus train frequency. DGC stimulation at 20 -50 Hz was sufficient in many cases to evoke bursts of action potentials during the slow EPSP. In addition to activation of interneurons in the DGC, it is likely that DGC stimulation activates "axons of passage" from projection neurons located outside the L 5/6 DGC. One possible set of projection axons passing through the DGC are those of neurons associated with the spinal pattern generator for ejaculation (SPGE). The SPGE is presumed to be a collection of cells scattered around the CC of upper lumbar (L 3-4 ) levels including lumbar spinothalamic (LST) neurons that project specifically to the parvocellular subparafasicular thalamic nucleus. In rats, ablation of these LST neurons eliminates ejaculation (Truitt and Coolen 2002) , while microstimulation of the region where these LST neurons are located results in ejaculation (Borgdorff et al. 2008 ). The microstimulation frequency (200 Hz) and stimuli number (60 -100 pulses) used to elicit ejaculation in vivo would presumably elicit a substantial slow EPSP in the BSM motoneurons if the projections from L 3/4 targeted the L 5/6 motoneurons and released the neurotransmitter(s) responsible.
Several neuromodulators have been associated with the DGC including dopamine, serotonin, epinephrine, oxytocin, and other peptides (Newton and Hamill 1989; Sevigny et al. 2012; Weil-Fugazza and Godefroy 1993; Wrobel et al. 2011) . DM motoneurons are known to express various receptors for neuromodulators. Anatomical studies have shown that gastrinreleasing peptide (GRP)-containing neurons from upper lumbar levels associated with the SPGE project to the DGC of lower lumbar and upper sacral regions and GRP fibers directly terminate on DM motoneurons dendrites within the rat DGC at L 5-6 levels (Sakamoto et al. 2008 (Sakamoto et al. , 2010 . Functional studies have shown that activation of vasopressin V1a receptor, NK1 receptors, and nicotinic acetylcholine receptors can produce prolonged depolarizations in DM neurons (Ogier et al. 2006 (Ogier et al. , 2008 . LST neurons, implicated in the SPGE, and other neurons of the region surrounding the CC in upper lumbar levels express many of these neuromodulatory peptides including galanin, cholecystokinin, GRP, and enkephalin (Ju et al. 1987; Nicholas et al. 1999; Sakamoto et al. 2008; Truitt et al. 2003) . These neurons are prime candidate neurons to control BSM motoneuron function via slow EPSPs.
During ejaculation the BSM produces bursts of contractions. We saw no evidence for intrinsic oscillations or burstlike firing in the DM motoneurons that could correspond with the rhythmic BSM contractions. This is in contrast to some central pattern generators, where the motoneurons have intrinsic oscillations and actively participate in the pattern generation (Bal et al. 1988) . Rhythmic contractility by the BSM is evident in rat pups even younger than those used in the present study (Carro-Juarez and Rodriguez-Manzo 2005) ; thus the age of the neurons is unlikely to explain the absence of burstlike firing by DM motoneurons. We also cannot exclude the possibility that the BSM motoneurons could be involved in pattern generation under neuromodulatory and synaptic control, such as some neurons that are recruited during specific signaling events (Harris-Warrick 2011). The slow EPSP could in fact serve as part of the pattern generator. In some oscillatory networks synaptically evoked plateau potentials, similar to the slow EPSP, are essential for pattern generation and may be the mechanism by which the pattern is generated through sensory inputs (Marder and Calabrese 1996) . In the present study, the slow EPSP could generate bursts of action potentials under appropriate conditions. This synaptically driven burstlike activity in the BSM motoneurons could play a role in generation of BSM bursting during ejaculation. The need for sensory input to elicit ejaculation and the time frame for ejaculation repetition are a good indication that plateau properties may be involved in the pattern formation.
The slow EPSP was associated with an increase in membrane resistance. This increased membrane resistance could play an important role in generation of burst firing, as it would augment the amplitude of concurrent fast EPSPs to reach action potential firing threshold. In this scenario the slow EPSP could act as a prolonged subthreshold depolarization on which rhythmic fast EPSPs generate periodic action potential bursts. In the intact animal, sensory or other anticipatory inputs prior to ejaculation may prime the DM motoneurons via a slow EPSP to facilitate burst firing. Since sensory nerves from the penis project to DGC of lumbar and sacral rat spinal cord sections (Nunez et al. 1986; Tajkarimi and Burnett 2011) , it is possible that penile sensation controls the activity of DGC neurons leading to the slow EPSP. There is evidence that DGC neurons are indeed active during ejaculation (Marson and Gravitt 2004) . However, the idea that penile sensory inputs lead to slow EPSPs is uncertain, as our stimulus protocol was not able to distinguish between activation of DGC neurons and fiber of passage in the DGC region. To ascertain the specific DGC inputs onto BSM motoneurons, techniques that activate specific neuronal populations are needed.
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